Annual wood increment and cambial activity in Macaranga gigantea and Endospermum diadenum growing in tropical rainforest were monitored to examine their relationship with stem sizes and climatic factors. The monitoring period was done from March 2013 to February 2014. Wood blocks containing phloem, cambium and outer sapwood were collected monthly from the main trunk of selected trees. Results showed that M. gigantea with smaller stem diameter showed higher annual diameter increment (16.63 ± 7.2 mm) than those with larger stem diameters (3.30 ± 0.1 mm) The total amount of wood formed in E. diadenum with larger stem diameter (9.17 ± 0.3 mm) was higher than the trees with smaller stem size (3.33 ± 0.3 mm). The rhythm of cambial activity were found different among tree species and stem diameters within the same species. M. gigantea with smaller stem diameter had longer active cambial growth period and produced higher number of cell layers than trees with larger stem diameter. In contrast, E. diadenum with larger stem diameter showed longer active growth period and higher number of cell layers than trees with smaller stem diameter. This study showed no significant correlation between mean number of cambial and enlarging cell layers with monthly total rainfall, monthly mean relative humidity, vapor pressure deficit and day length. Significant negative correlations were detected between maximum temperature and number of cambial and enlarging cell layers in M. gigantea with smaller stem size. For E. diadenum with smaller stem size, monthly mean temperature had significant negative correlation with the number of cambial cell layer. This study concluded that the intra-annual wood formation patterns of this two pioneer species are species specific and stem sizes specific.
Introduction
Forest disturbance are happening in many parts of the world and the restoration of secondary forest is of great concern [1] . In the process of forest recovery, the growth of tropical pioneer species which are well known as fast growing species and enhancing the growth of latesuccessional species, is particularly important for forest rehabilitation [2] . In South East Asia, the widespread of tropical pioneer species such as Macaranga gigantea and Endospermum diadenum provides high ecological relevance to the restoration of secondary forests [3, 4] . Knowledge governing growth of these species and its relationship to climatic conditions is, thus, crucial in the practice of forest management and silvicultural system in this region. Nevertheless, the effect of climatic variability to the growth and survival of these species is generally not well known.
Radial growth of tree is determined by its cambial activity. The study of cambial activity and annual wood growth provides valuable information on forest growth dynamics [5, 6] and how its growth is affected by climatic factors (temperature, rainfall, vapor pressure deficit, relative humidity, day length) [7, 8] . Studies on seasonal cambial activity have been conducted in temperate regions [9, 10] , and tropical regions [11, 12] . In temperate forests, seasonal climate leads to clear annual periodicity of cambial activity. Cambial activity of tropical trees was reported related to the distribution of precipitation. Marcati et al. [13, 14] reported that the active period of cambium in some semi-deciduous seasonal forest species as Cedrela fissilis and Schizolobium parahyba coincided with rainy season, and the dormant period is in the dry season. Other study demonstrated climatic factors other than rainfall. Schippers [15] found that maximum temperature had a strong negative effect on the stem growth of tropical trees. Marcati et al. [16] reported that maximum temperature was correlated with cambial activity of tropical trees. Most of the previous studies focused on the influence of climatic factors on cambial dynamics, and relatively few studies have focused on the effects of tree stem diameter on the cambial dynamics of tropical trees. Investigation of tree growth from different sizes is crucial to understand the timing and duration of xylogenesis within species of different stem diameter as well as to understand phenology and accurate assess climatetree growth relationship.
The extent to which the relationships between tree radial growth and climatic factors depend on tree diameter remain uncertain. Recent eco-physiological studies suggest that functional processes and xylem phenology are closely related to tree sizes [17] [18] [19] [20] [21] [22] [23] and they undergo changes as trees increase in size [24] [25] [26] [27] . De Luis et al. [28] reported that tree growth sensitivity to climate is greater between sizes than between species. Thus, there is a need to disentangle the effects of size on wood formation to better understand the drivers of tree growth and variation in wood formation within species. For tropical species, studies providing a comprehensive view of tropical tree growth sensitivity to stem sizes are currently unavailable.
To better understand the effects of tree stem diameters on radial tree growth, we studied the wood increment and cambial phenology (number of cell layers) of M. gigantea and E. diadenum of different stem diameters and their responses to climatic factors. Cambial activity in M. gigantea and E. diadenum of different stem sizes growing in tropical rain forest has not been previously reported and are, thus, still missing. We monitor the intra-annual dynamics of wood formation in the two pioneer species during the 2013 and 2014 growing season. Trees were selected based on their stem diameters to disentangle the effects of these two factors on xylem formation. We hypothesis that the dynamics of xylem growth is species-and size dependent.
Materials and methods

Study site and climatic conditions
This study was conducted from March 2013 to February 2014 on trees growing at tropical rainforest of West Peninsular Malaysia. The forest is a lowland dipterocarp rainforest located in Ayer Hitam Forest Reserve, Selangor (2°56′N-101°46′E). It is a secondary rainforest which has yet to reach its full rehabilitation [29] . The site receives monthly rainfall of more than 100 mm for the major months of a year (Fig. 1) . During the experimental period, the highest total monthly rainfall (434.2 mm) was recorded in December 2013, while the lowest monthly rainfall (18.1 mm) was recorded in February 2014. The minimum temperature ranged from 24.2 to 26.6 °C, mean monthly temperature ranged from 25.9 to 28.1 °C, and maximum temperature ranged from 27.6 to 29.4 °C. The highest relative humidity (80.2%) was recorded in March 2013, while the lowest relative humidity (64.7%) was recorded in February 2014. Climatic data of the study site were collected from the Department of Meteorological Malaysia. Day length of the study site ranged from 11.65 to 12.17 h, and these data were collected from timeanddate.com [30] as the Department of Meteorological Malaysia does not provide this data.
Tree selection
Macaranga gigantea and Endospermum diadenum from the family of Euphobiaceae were selected for this study. Twelve sampled trees with straight-boled stems and no trunk deformity were chosen from the site. Two-diameter class was selected with one diameter from 11 to 17 cm, while the other represented larger diameter of 26-30 cm. Six trees were selected for each diameter range. Two diameter ranges were selected based on their availability at the study site. The exact age of the sampled trees was unknown. As evergreen trees, M. gigantea and E. diadenum bear leaves all year around. For M. gigantea, flower buds were observed at the end of wet months in August 2013. Flowering occurred at the beginning of wet months in September, while fruiting occurred during the wet months from October to December 2013. Fruit ripening was observed in December when the total monthly rainfall was the highest throughout the experimental period. For E. diadenum, flowering occurs twice a year between February and April, and August to October. Mature fruits were present 2-3 months after flowering. Phenological observation provides indication for tree climate-growth relationship; nevertheless, during the experimental period, all samples trees were evergreen with continuous leaf fall and flushing.
Dendrometer measurement
An aluminum band dendrometer [31] was installed on each trunk of the sampled trees at breast height. The dendrometer was then left on for almost 2 months after installation to ensure that the aluminum band fits well to the tree trunk. Dendrometer data were measured monthly under the natural condition to provide the total diameter increment for the sampled trees. The diameter growth of trees was measured with the accuracy of 0.01 cm. The mean monthly values and standard deviations in Fig. 2 were the results from the mean value of each tree from different species and stem diameter classes within species.
Wood sample collection and preparation
Cambial activities of 3 smaller and 3 larger diameter trees from each species were selected to study cambial dynamics. All selected trees were heathy and with upright stems. Wood blocks (2 × 2×2 cm) including inner phloem, cambial tissues and outer xylem were extracted monthly from the main trunks of the living trees using chisel, hammer and knife. Sampling was carefully done to avoid compression of cambial tissue and separation of bark and wood. Samples that were extracted from the living trees were immediately fixed with 3% glutaraldehyde solution for disinfection and preservation. To avoid the effects of wounding, a safe distance (8 cm) was considered between each samples extracted position. This was to ensure that the new samples would not contain wound wood which result from the cambium's response to the previous samplings.
In the laboratory, the specimens were thoroughly washed with distilled water before their dimensions were reduced to 2 × 2×2 mm. The specimens were then dehydrated in a graded series of ethanol at increasing concentrations (30, 50, 70 , 95 and 99.8%). The specimens were then embedded in the epoxy resin. Cross sections with a thickness of 16-20 µm were cut from the epoxy embedding blocks using a Leica SM 2000R sliding microtome. Wood sections were stained with the Periodic AcidSchiff 's (PAS) reaction [32] and mounted with dibutyl phthalate xylene (DPX) mounting medium for the preparation of permanent microscope slides.
Data analysis
Anatomical characteristics of cambial activity were observed under a Leica LEITZ DMRB light microscope under bright field and polarized light. The anatomical characteristics of cambium were determined by counting the number of cambial and enlarging cell layers. The criteria described by Rossi et al. [33] were used to determine the number of cell layers. The cambial cell in this study refers to the group of radially flattened cells with thin cell wall between phloem and xylem. Enlarging cells refer to the cells that are next to the cambial cells, which show larger dimension than the cambial cell in cross section and presented thin cell walls that were not birefringent under polarized light. After enlarging cells, secondary wall formation starts to develop and the boundary between them can be distinguished under the polarized light microscope as secondary wall formation shows bright light in cross section view under polarized light.
Cambial dynamics was the result of fluctuations in the number of cambial and enlarging cell layers. A greater number of cell layers indicate higher cambial activities. The number of cambial and enlarging cell layers was averaged from 30 cell row counts from each sample tree. The mean values and standard deviations in Table 1 were calculated from the mean value of tree from different stem diameters. High average number of cambial and enlarging cell layers indicated active cambium, while less average number of cambial and enlarging cell layers indicated less active cambium. Peak cambial activity indicated the maximum mean number in cambial cells and enlarging cells. The number of cell layers was judged based on tree stem diameter as those trees produced different amount of cell layers.
Spearman's Rank Correlation Coefficient was used to evaluate the relationship between climatic factors and the number of cell layer in the cambial and enlarging cells for each species as they are discrete variables. Correlation analyses were applied for a better understanding of the general relationships between diameter growth dynamics and tree size, as well as between cambial dynamics and changes in climatic factors, which were then used to determine the climatic factors that accounts for most of the variation in tree growth. 
Results
Tree diameter growth pattern and annual diameter increment Figure 2 shows the mean monthly diameter increment of sample trees during the monitoring year. For M. gigantea, trees with smaller stem diameters showed increasing growth rate from March to April, and decreasing growth rate on the onset of the dry months in May. These trees began to show increasing growth increment during the middle of the dry months in July until the onset of the wet months in October before showing decreasing growth increment during the middle of the wet months in November until the end of the monitoring period. M. gigantea with larger stem size showed decreasing growth increment during the onset of the dry months before showing an increased growth increment in June. The growth increment decreased once again in the middle of the dry months in July until the onset of wet month in October. Trees showed an increasing growth increment in months with high rainfalls, from October to December. Their growth increment decreased drastically during the onset of the dry month in January before it increased again in February. Both groups of trees with different stem sizes had different growth characteristics during the wet and dry months. Tree diameter increment for trees with larger stem size was found to increase in wet months, and decrease in dry months. Trees with smaller stem sizes, however, showed increasing growth increment during the middle of dry months and decreasing growth increment during wet months. Figures 3 and 4 show M. gigantea having different stem sizes exhibited different growth behaviors at the site with similar growing conditions. For E. diadenum, trees with smaller stem sizes showed increasing growth increment from March to April before showing decreasing growth increment at the onset of dry month in May. The growth increment of those trees, however, increased drastically in June before decreasing drastically on the following months until the end of dry months. The growth increment of those trees increased in October. Nevertheless, the growth increment decreased once again from November to March, with slight increment in January. Nonetheless, trees with larger stem sizes did not show a clear growth diameter growth pattern. Peak diameter growth was found in the middle of dry month (August) and the onset of wet months (October). Decreasing growth increment was found in July, September (dry months) and December (wet months). The result also showed that E. diadenum with different stem sizes showed different growth behaviors at the site with similar growing conditions.
The correlations between tree monthly diameter increment and climatic factors are summarized in Table 1 . No significant correlation was found between monthly diameter growth and climatic factors for M. gigantea and E. diadenum with smaller stem diameter. E. diadenum with larger stem diameter showed significant negative correlation with mean temperature and maximum temperature. The total of wood increment in M. gigantea was found to be different in trees with different stem diameters. Trees with smaller stem diameter showed higher increment growth (16.63 ± 7.2 mm) in stem circumference than those with larger stem diameters (3.30 ± 0.1 mm). Meanwhile, the total amount of wood formed in E. diadenum with larger stem diameter (9.17 ± 0.3 mm) was higher than the trees with smaller stem size (3.33 ± 0.3 mm). The growth of E. diadenum was noticed to increase when it reached larger stem size.
Duration of cell production and cell differentiation
The duration of cell production and cell differentiation was found different between M. gigantea and E. diadenum, and stem diameters within species (Table 2) . For M. gigantea, trees with smaller stem diameter exhibited Peak cambial activity was found in January with 9 cambial cell layers and 6 enlarging cell layers. For E. diadenum, trees with larger stem diameters generally produced higher number of cambial and enlarging cell layers than trees with smaller stem diameter. For E. diadenum with smaller stem diameter, 4-5 cambial cell and 1-3 enlarging cell layers were recorded from March to April, in June, from September to October and in February. The cambial cell layers increased to six layers in May, December and January to six layers, while enlarging cell layer increased to 3-4 layers. Active cambium was found from July to August with an average of 7 cambial cell layers and an average of 4-5 enlarging cell layers. Peak cambial activity was found in November when the maximum number of cambial and enlarging cell layers was 8 and 5, respectively. For E. diadenum with larger stem diameter, 3-6 cambial and 1-3 enlarging cell layers were detected from March to April, in June, August, October and December. Relatively active cambium was showed in May, September, November, and from January to February with 7-10 cambial and 6-9 enlarging cell layers. Peak cambial activity was found in July when the maximum number of cambial and enlarging cell layers was 11 and 10, respectively. This study shows that in studies where comparison of the growth process across individual trees and species of interest is done, the stem size of trees must be taken into consideration for predicting tropical rainforest tree growth. In general, the sampled trees did not show any clear annual radial growth trend. This is different from the tropical tree growth pattern recorded from tropical seasonal forests with distinct dry and wet seasons, where rainfall is always considered as the main factor influencing tree growth. Additionally, it is worth to consider species-specific responses among tropical rainforest trees to similar environmental conditions for future studies as the studied species showed different growth characteristics and pattern throughout the monitoring year.
Relationship between cambial activity and climatic factors
The correlations between the number of mean cell layers and climatic factors are summarized in Table 3 . For M. gigantea with smaller stem size, a significantly negative correlation was found between the number of cambial cell layers with monthly maximum temperature, and between enlarging cell with monthly minimum, mean and maximum temperature. No significant correlation was found between numbers of mean cell layers with any climatic factors for both M. gigantea and E. diadenum with larger stem diameter. For E. diadenum with smaller stem size, a significant negative correlation was detected between number of cambial cell layers and monthly mean temperature. For both species, trees with smaller stem diameter generally showed more sensitive to climatic factors than trees with larger stem diameter.
Discussion
Dendrometer measurement
Macaranga gigantea with smaller stem diameter had relatively higher stem growth increment than those trees with larger stem diameters. Cambial study showed that trees with smaller diameter showed continuous cambial activity throughout the year, and thus have longer active growing period. The lower growth increment of trees with larger stem diameter was believed due to the aging process. Kohyama et al. [34] studied the relationship between tree size and growth rate, and reported that tree diameter growth rate decreased when the diameter of tree increased, and negative correlation was found between growth rate and tree size. Li et al. [17] and Rossi et al. [23] reported that young trees have longer growing season than old trees. Nevertheless, the growth increment in E. diadenum did not show the same phenomenon. The wood increment in E. diadenum with larger stem diameter was higher than those trees with smaller stem diameter. These results showed that not all tropical pioneer species have higher circumference growth rate during their juvenile stage.
Monthly diameter increment of all sample trees did not show any significant relationship with climatic factors such as rainfall, relative humidity, vapor pressure deficit and day length. The results of dendrometer measurement were similar to the cambial analysis which numbers of cambial and enlarging cell layer of all sample tree generally did not show any significant correlation with those climatic factors. Growth of the two evergreen species suggested that these species are less dependent on rainfall. Nevertheless, dendrometer and cambial analysis showed that the growth of both pioneer trees is negatively significantly correlated with temperature. Current study Table 3 suggested that temperature is an important climatic factor to consider in determining the growth of M. gigantea and E. diadenum growing in tropical rainforest. Rahman et al. [35] reported Chukrasia tabularis growing in Bangladesh showed a significant negative correlation between tree growth with mean and maximum temperatures. Vlam et al. [36] documented that the monthly minimum-and maximum temperature is significantly negatively associated with tree growth in western Thailand.
Vascular cambium activities
The rhythm of cambial activity of the two pioneer species examined were not synchronized during the examined growth period. M. gigantea with smaller stem diameter showed continuous cambial activity throughout the entire study period, while M. gigantea with larger stem diameter and E. diadenum with different stem diameter showed periods of active and less active period. This study revealed that M. gigantea and E. diadenum generated different diameter growth patterns and adaptive strategies to similar growing conditions. Sass et al. [37] reported that Shorea leprosula growing in Peninsular Malaysia under the weak seasonal climate site shows continuous cambial activity. The growth of those trees showed no relation to the seasonality of precipitation and phenology. Similar results were reported by Rajput and Rao [38] and Evert [39] that trees show continuous cambial activity throughout the entire year or during major months of a growing season. Krepkowski et al. [40] reported that deciduous broad-leaved trees of Celtis africana are sensitive to climatic factors, while evergreen conifer and some broad-leaved trees species are relatively less sensitive to climatic variation. Their study showed that the responses of cambium to climatic variation are dependent on tree species. M. gigantea with smaller stem diameter possessed higher number of cambial and enlarging cell layers than those of tree with smaller stem diameter throughout the study period. However, E. diadenum with larger stem size generally showed higher number of cambial and enlarging cell layers that those trees with smaller stem size. Hence, M. gigantea with smaller stem size and E. diadenum with larger stem size in this study were believed to have higher growth increment than those species with different stem diameter. Rathgeber et al. [41] reported that cambial activities of Abies alba are related to tree stem diameter. Their results show that the timing, duration and rate of xylem production of silver fir change according to the stem diameter. Nabeshima et al. [42] reported that the size dependency of tree diameter growth results in different interactive effect on tree growth to growing conditions. Pumijumnong and Wanyaphet [43] revealed that the response of cambial dynamics in Pinus merkusii and Pinus kesiya to growing climatic factors is dependent upon the age of the trees. Tree physiological processes such as water and nutrient supplies demand, photosynthesis rates and hydraulic resistance are related to tree size as trees respond differently to growing conditions which result in different growth pattern [23] . Hence, the rate and period of cell production in different stem diameter are an essential component of tree growth which should be taken into consideration when studying intraannual dynamics of wood formation.
Relationship between cambial activity and climatic factors
Peak cambial activity of M. gigantea and E. diadenum with smaller stem size was detected in the middle of wet months (November). Active cambial activity of those trees was recorded in dry months (July-September). Peak cambial activity of M. gigantea and E. diadenum with larger stem diameter was found in the beginning and the middle of dry months, respectively. This study is in contrast to those studies reported previously, where precipitation plays a significant role in influencing cambial activity of tropical trees. The relationship between tropical tree growth and precipitation is generally positive in tropical forest sites. [44] [45] [46] [47] [48] [49] . Nevertheless, the current study showed that climatic factors such as rainfall, relative humidity, vapor pressure deficit and day length do not play significant roles in determining the cambial activity of both pioneer species as no significant correlations were found between number of cambial and enlarging cell layers and climatic factors. These results were similar to the study conducted by Marcati et al. [16] which reported that the cambial activity of trees growing at Cerrado sensu stricto was not simultaneous with the onset and end of rainy season, but corresponded to the core of the rainy season (when a minimum of 66% of the annual precipitation has been reached). The soil of the site is a combination of alluvium-colluvium soil derived from metamorphic stones with sandy clay loam soil texture [29, 50] . This soil texture with small particles has high water-holding capacity to store water which can prolong the cambial activity. The correlation analysis of the current study showed that the numbers of cambial and enlarging cell layers in M. gigantea with smaller stem size and the number of cambial cell layer of E. diadenum showed significant negative correlation with temperature. Similar result was reported for trees growing in Bangladesh moist tropical forests [51] . This negative relationship between tree growth and temperature may due to reduced rate of photosynthesis and high evapotranspiration rate as the result of higher temperature [52] . Meir et al. [53] found that an air temperature increase of 10 °C will cause a higher respiration rates in trees growing in tropical rainforest. In this study, temperature for the study site was quite constant along sampling period. Nevertheless, the monthly minimum, mean and maximum temperature seem to affect cambial activity differently depending on stem size within species. Rossi et al. [23] and Rozas et al. [54] reported climate sensitivity of radial growth changes with cambial age. Martinez-Vilalta et al. [18] and Vanderklein et al. [22] documented that many functional process in trees are depended on tree age and sizes. Hitherto, little such information is available for trees growing in tropical rain forest. Effort should be made to investigate the effect of tree size to climategrowth relationships of tropical trees owing to it may weaken the climatic signal of the chronology.
M. gigantea and E. diadenum with different stem diameter within species showed different wood annual increment and cambial dynamics. Results of the current study were from a specific area, species and year. Therefore, these results cannot be generalized to other tropical pioneer species growing in different tropical regions. Nevertheless, this study revealed the existence of the effect of diameter stem size on climate-tree growth relationship in a tropical rainforest. This study suggests that future studies should consider the effect of tree stem diameter when interpreting tropical tree growth.
Conclusion
Our study provided insights into intra-annual stem diameter growth of M. gigantea and E. diadenum trees with smaller and larger stem diameters growing under natural conditions in tropical rainforest. Dendrometer data were used to determine total annual growth increment of samples trees during the study growing period. M. gigantea trees with smaller diameter had higher diameter growth increment than trees with larger stem diameter. In contrast, E. diadenum trees with larger stem diameter showed higher diameter growth increment than trees with smaller stem diameter. Total annual diameter increment from dendrometer measurements showed that the diameter growth rate of these two pioneer species was size dependent. The cambial responses of these two species growing at the same site demonstrated species specific and size dependent. M. gigantea trees with smaller stem diameter had longer active cambial growth period and produced higher number of cell layers than trees with larger stem diameter. In contrast, E. diadenum trees with larger stem diameter showed longer active growth period and higher number of cell layers than trees with smaller stem diameter. These results showed that cell production rate is an important factor to consider when examining diameter growth of trees. This study generally showed no significant correlation between number of cell layers and climatic factors such as rainfall, vapor pressure deficit, relative humidity and day length. Significant negative correlations were detected between maximum temperature and number of cambial and enlarging cell layers in M. gigantea with smaller stem size. For E. diadenum with smaller stem size, monthly mean temperature had significant negative correlation with the number of cambial cell layer. The differences of annual diameter growth increment and cambial dynamics between trees with smaller and larger stem diameters within a species and different species provided important information on the growth variation of tropical pioneer tree species. These variations found in this study should be further studied as the growth response of tropical pioneer species to climatic factors is of interest to forest recovery effort and enhancement of tropical silviculture system in this region.
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